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Description 

[0001] The present invention relates to methods of 
producing compositions containing polyamines. 
[0002] The present invention relates to a method of 
producing compositions containing polyamines easily at 
low cost, in which milk or milk material is treated with an 
ultrafiltration (UF) membrane at a pH lower than 5.5 and 
polyamines are isolated and recovered from the result- 
ing permeate. Furthermore, the present invention re- 
lates to methods of producing compositions containing 
polyamines which have a good flavor, contain high con- 
centrations of spermidine and spermine and are highly 
utilizable as a food material. 

[0003] Polyamine is a general term for a linear aliphat- 
ic hydrocarbon having two or more primary amino 
groups. Typical polyamines include putrescine, spermi- 
dine and spermine. Generally known physiological ac- 
tions of polyamines are (1) action on cell growth, (2) 
stimulation of cell differentiation, (3) action as immu- 
noessential factors, (4) antiallergic action, (5) stimula- 
tion of protein synthesis, (6) structural stabilization by 
an interaction with nucleic acids, (7) control of enzyme 
activities, and the like. Recently, there have been a 
number of reports that polyamines effectively stimulate 
the growth and differentiation of mucosal cells in the 
gastrointestinal 

[0004] Examples of these reports are as follows: 
[0005] O. Peulen et al., Arch. Physiol. Biochem., vol. 
106, pp. 46-55, 1998; W.P. Deloyer etal., Arch. Physiol. 
Biochem., vol. 104, pp. 163-172, 1996; M. Kaouass et 
al., Dig. Dis, Sci., vol. 41, pp. 1434-1444, 1996; E. 
Harada et al., Comp. Biochem. Physiol., vol. 109A, pp. 
667-673, 1994; G. Capano et al., J. Pediatr. Gastroen- 
terol. Nutr., vol. 19, pp. 34-42, 1994; G.E. Wild et al., 
Biol. Neonate, vol. 63, pp. 246-257, 1993; Buts J. -P. et 
al., Digestive Diseases and Science, vol. 38, p. 1091, 
1993; Dufour, C. et al., Gastroenterology, vol. 95, p. 
112,1988. 

[0006] The physiological effects of spermidine and 
spermine were studied and a stimulative action of 
polyamines on maturation of the gastrointestinal was re- 
vealed in these reports. Accordingly, in order to render 
to food products a stimulative effect on maturation of the 
gastrointestinal by adding polyamines, there was a need 
to produce polyamine-containing compositions having 
a good flavor and higher concentrations of spermidine 
or spermine. 

[0007] Reported, examples of the use of polyamines 
in foods include a konnyaku (a food made from devil's- 
tongue starch) product in which spermine or spermidine 
is added to ameliorate the unique konnyaku flavor so as 
not to adversely affect the flavor of other ingredients 
cooked together (Japanese Patent Laid-open No. 
38690/1 994) and a polyamine-admixed nutritional com- 
position in which polyamines are admixed to stimulate 
protein absorption for promoting satisfactory growth and 
maintaining good healthy conditions (Japanese Patent 



Laid-open No. 1994-305956). Examples of the use of 
polyamines as medicines include a method and ingest- 
ible compositions for the suppression of gastric acid se- 
cretion (Japanese Patent Laid-open No. 131914/1983) 
5 and immunoactivators (Japanese Patent Laid-open No. 
98015/1984; Japanese Patent Laid Open No. 
223514/1990). 

[0008] Examples of conventional methods to produce 
polyamine compositions for the abovementioned pur- 

w poses include a method of producing polyamines using 
milts as the raw material (Japanese Patent Laid-open 
No. 238094/1996), a method of producing polyamines 
using animal organs as the raw material (Japanese Pat- 
ent Laid-open No. 206025/1997), and a method of pro- 

15 ducing polyamines from yeast cells and a nutritional 
polyamine-containing composition produced by the 
same method (Japanese Patent Laid-open No. 
52291/1 998). Since milts, animal organs and yeast cells 
are used as the raw material, polyamines produced by 

20 these methods smell of fish, animals and yeast and the 
flavor is not altogether agreeable. If milts are used as 
the raw material for producing a polyamine-containing 
composition, the material is highly viscous and difficult 
to handle, making purification inefficient. 

25 [0009] In the abovementioned polyamine-admixed 
nutritional composition (Japanese Patent Laid-open No. 
305956/1994), polyamines are isolated and extracted 
from milk materials from mammals using an ultrafiltra- 
tion (UF) membrane or ion exchange resins. However, 

30 the yield ofpolyamine extraction is low and problems re- 
main to be solved for practical use of this method. 
[0010] An objective of the present invention is to pro- 
vide a method of producing polyamine-containing com- 
positions which have a good flavor and higher concen- 

35 trations of spermidine and spermine, from milk or milk 
material. 

[0011] In the course of an intensive study to develop 
a method of producing polyamine-containing composi- 
tions having higher concentrations of spermidine and 

40 spermine, the present inventors found that polyamine- 
containing compositions which have a good flavor and 
higher concentrations of spermidine and spermine can 
be produced by treating milk or milk material with an UF 
membrane at a pH lower than 5.5 and isolating and re- 

45 covering polyamines from the resulting permeate to ef- 
ficiently fractionate polyamines in the milk or milk mate- 
rial, and completed the present invention. 
[0012] In the present invention, polyamine-containing 
compositions are produced by treating milk or milk ma- 

50 terial with an UF membrane at a pH lower than 5,5 and 
isolating and recovering polyamines from the resulting 
permeate. In this case, the pH has a great impact, such 
that the recovery of the polyamine-containing composi- 
tions is poor if the pH is higher than 5.5. 

55 [0013] Examples of the milk to be used as a raw ma- 
terial in this invention include any milk of mammals, such 
as cow milk, goat milk and ewe milk. Examples ofthe 
milk material include any milk component isolated and/ 
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or fractionated using an ion exchange method, mem- 
brane treatment, electrodialysis, or the like, such as acid 
casein, acid whey, cheese whey, whey protein concen- 
trate (WPC), whey protein isolate (WPI), powdered skim 
milk, butter milk and cream. 

[0014] The pH of the milk or milk material can be ad- 
justed below 5.5 by adding acid to a solution of the milk 
or milk material or by adding microorganisms for micro- 
bial growth. The addition of the acid and microorgan- 
isms can be done simultaneously. Examples of the acid 
to be used include any inorganic and organic acid, such 
as lactic acid, citric acid, sulfuric acid, hydrochloric acid, 
acetic acid and phosphoric acid. Microorganisms can be 
any microorganisms, which can utilize and grow on milk 
components and produce organic acids, such as lactic 
acid bacteria, propionic acid bacteria and bifidobacteria. 
The presence of enzymes such as rennet should not 
cause any problem. 

[0015] Thus, polyamine-containing compositions 
which have a good flavor and higher concentrations of 
spermidine and spermine can be produced by treating 
milk or milk material with an UF membrane at a pH lower 
than 5.5 and isolating and recovering polyamines. 
[0016] Preferred embodiments will now be described 
in detail. 

[0017] Polyamine-containing compositions can be 
produced by lowering the pH of milk or milk material to 
less than 5.5 with the addition of acid or by the growth 
of microorganisms, treating the acidified milk or milk ma- 
terials with an UF membrane and isolating and recover- 
ing polyamines from the resulting permeate. 
[0018] Examples of the UF membrane can be any 
membrane having a fractionation molecular weight of 
1,000-100,000 including organic membranes, such as 
cellulose, cellulose acetate, polysulfone, polyamide, 
polyacrylonitrile, polyethylene tetrafluoride, polyester, 
polypropylene or the like, and inorganic membranes 
such as ceramics with aluminum, zirconium, titanium or 
the like, and glass (silica) or the like. 
[0019] Steps such as a treatment with ion exchange 
resins, treatment with NF (nanofiltration), and electrodi- 
alysis can be used for the purification or desalting of the 
polyamine-containing solution. These steps can be 
used in combination to obtain further purified polyamine- 
containing compositions. 

[0020] The treatment with ion exchange resins can be 
carried out such that milk or milk material is treated with 
an UF membrane at a pH below 5.5, after which the re- 
sulting permeate, with or without adjusting the pH by 
adding alkali such as sodium hydroxide and potassium 
hydroxide, is passed through a column filled with ion ex- 
change resins to separate polyamines from contami- 
nants such as amino acids, peptides, proteins and sug- 
ars. Any ion exchange resins having an ion exchange 
group, such as sulfonyl, sulfopropyl, phosphate, car- 
boxymethyl, aminoethyl, diethylamino, quaternary ami- 
noethyl and quaternary ammonium groups, can be 
used. Both cation exchange resins and anion exchange 



resins can be used. 

[0021] If cation exchange resins are used, since 
polyamines are adsorbed onto cation exchange resins, 
the unadsorbed substances are first thoroughly re- 

5 moved, then the polyamines can be eluted and recov- 
ered using acidic solutions such as sulfuric acid or hy- 
drochloric acid, or salt solutions such as sodium chlo- 
ride. If anion exchange resins are used, polyamines can 
be recovered from the un absorbed fraction since 

10 polyamines are not adsorbed onto anion exchange res- 
ins. 

[0022] N F membranes can be used for desalting. Any 
NF membrane with a salt inhibition rate of 30-80% can 
be used. 

15 [0023] Electrodialysis can be carried out by placing a 
polyamine-containing solution and a salt solution alter- 
nately in compartments sectioned by cation exchange 
membranes and anion exchange membranes. Desira- 
ble conditions for electrodialysis are a primary current 

20 density of 0.5-15 A/dm 2 and a voltage of 0.1-1 .5 V/bath. 
[0024] The polyamine-containing compositions thus 
obtained can be used as solutions without further 
processing or spray-dried or lyophilized to obtain pow- 
dered products. 

25 [0025] The polyamine-containing compositions thus 
obtained can be used as medicaments and medicinal 
nutrient compositions such as enteral nutrients, nutrient 
compositions for infants, such as powdered milk for in- 
fants and baby foods, and as raw materials for nutrition- 

30 ally fortified foods or general food products 

[0026] The present invention will be explained in more 
detail with reference to the following examples and com- 
parative examples. 

[0027] Analysis of polyamine contents in the exam- 
35 pies and comparative examples was carried out by the 
method of Kawakami et al. (Japanese Journal of Pedi- 
atric Gastroenterology and Nutrition, vol. 9, pp. 115- 
121, 1995). 



[0028] A composition containing polyamines derived 
from milk was produced. Raw milk (cow's milk) was cen- 
trifuged (2,000 g, 4C, 10 minutes) to prepare skimmed 

45 milk, To this skimmed milk, 1N hydrochloric acid was 
added to adjust the pH to 4.6, and the resulting milk was 
centrifuged (35,000 g, 4C, 20 minutes) to remove ca- 
sein. This acid whey thus obtained was treated with an 
UF membrane with a fractionation molecular weight of 

so 8,000 to recover an UF permeate. This permeate was 
passed through a column filled with cation exchange 
resins (Dowex 50WX8 (H + form)) to allow polyamines 
to adsorb onto the cation exchange resins, after which 
the column was thoroughly washed with a 0.5 M sodium 

55 chloride solution to remove impurities, then the ad- 
sorbed polyamines were eluted with 6N hydrochloric ac- 
id. This eluate was neutralized with the addition of a so- 
dium hydroxide solution, electrodialyzed for desalting, 



40 [Example 1] 
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and lyophilized to obtain a polyamine-containing com- 
position. 

[0029] Thus, 528 mg of a polyamine-containing com- 
position were obtained from 1 ,000 L of acid whey. The 
sum of the percentage of spermidine and spermine in 
the total polyamines was 97.5%. 

[Example 2] 

[0030] A polyamine-containing composition was pro- 
duced using cottage cheese whey as a milk material. 
Whey (pH 4.3) produced during cottage cheese manu- 
facturing was treated with an UF membrane (having a 
fractionation molecular weight of 5,000) to recover a 
permeate. This permeate was passed through a column 
filled with cation exchange resins (Dowex 50WX8 (H + 
form)) to allow polyamines to adsorb onto the cation ex- 
change resins, after which the column was thoroughly 
washed with a 0.6 M sodium chloride solution to remove 
impurities, then the adsorbed polyamines were eluted 
with 6N hydrochloric acid. This eluate was neutralized 
with the addition of a sodium hydroxide solution, elec- 
trodialyzed for desalting, and lyophilized to obtain a 
polyamine-containing composition. 
[0031] Thus, 426 mg of a polyamine-containing com- 
position were obtained from 1 ,000 L of cottage cheese 
whey. The sum of the percentage of spermidine and 
spermine in the total polyamines was 98.5%. 



taining compositions were prepared from milts by the 
method of Japanese Patent Laid-open No. 
238094/1 996, from animal organs by the method of Jap- 
anese Patent Laid-open No. 206025/1997, and from 

5 yeast cells by the method of Japanese Patent Laid-open 
No. 52291/1998, respectively. The polyamine-contain- 
ing compositions prepared in Examples 1 and 2 were 
used as polyamines prepared from milk or milk material. 
The polyamine-containing compositions obtained from 

10 different raw materials were added to whole fat pow- 
dered milk so as to adjust the concentration of the sum 
of spermidine and spermine to 10 mg/100 g to prepare 
polyamine-added compositions for a sensory evalua- 
tion. The evaluation was for "odor" and "taste." 

15 [0035] The sensory evaluation was carried out by 10 
male and 10 female trained panelists using a scoring 
method. Results of the sensory test are shown as aver- 
ages of the scores given by the 20 panelists, according 
to the following scales for evaluation. 

20 [0036] Results are shown in Table 1 . The scales for 
evaluation are as follows: 

Odor - 5: No abnormal odor; 4: faintly abnormal 
odor; 3: slightly abnormal odor; 2: abnormal odor; 
25 and 1: strongly abnormal odor. 

Taste - 5: No abnormal taste; 4: faintly abnormal 
taste; 3: slightly abnormal taste; 2: abnormal taste; 
and 1 : strongly abnormal taste. 



[Comparative Example 1] 30 

[0032] A polyamine-containing composition was pro- 
duced using Gouda cheese whey as a milk material. 
Whey (pH 6.2) produced during Gouda cheese manu- 
facturing was treated with an UF membrane (having a 35 
fractionation molecular weight of 5,000) to recover a 
permeate. This permeate was passed through a column 
filled with cation exchange resins (Dowex 50WX8 (H + 
form)) to allow polyamines to adsorb onto the cation ex- 
change resins, after which the column was thoroughly *o 
washed with a 0.6 M sodium chloride solution to remove 
impurities, then the adsorbed polyamines were eluted 
with 6N hydrochloric acid. This eluate was neutralized 
with the addition of a sodium hydroxide solution, elec- 
trodialyzed for desalting, and lyophilized to obtain a 45 
polyamine-containing composition. 
[0033] Thus, 51 5 mg of a polyamine-containing com- 
position were obtained from 1 ,000 L of Gouda cheese 
whey. However, neither spermidine nor spermine was 
detected in this polyamine-containing composition. 50 

[Test Example 1] 

[0034] Polyamine-containing compositions each pre- 
pared using milts, animal organs, yeast cells and milk 55 
as a raw material were added to a food product, and the 
effect of the addition on the quality of the food product 
was evaluated by a sensory evaluation. Polyamine-con- 



I. [TABLE 1] 



Raw material 


Odor 


Taste 


Salmon milts 


1.9 


1.1 


Caw pancreas 


1.1 


1.0 


Pig pancreas 


1.5 


1.4 


Yeast cells {Candida utilis) 


4.0 


4.6 


Acid whey 


4.8 


4.8 


Cottage cheese whey 


4.7 


4.8 


Control (whole milk powder) 


4.9 


4.9 



[0037] The present invention enables polyamine-con- 
taining compositions to be easily obtained at low cost 
by treating milk or milk material with an ultrafiltration 
(UF) membrane at a pH below 5.5 and isolating and re- 
covering polyamines from the resulting permeate. 
[0038] Since the polyamine-containing compositions 
obtained in the present invention are characterized by 
a good flavor and high contents of spermidine and sper- 
mine, they can be effectively used as medicaments and 
medicinal nutrient compositions, such as enteral nutri- 
ents, nutrient compositions for infants, such as infant 
powdered milk and baby foods, and as raw materials for 
nutritionally fortified food products and general food 
products. 
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Claims 

1. A method of producing polyamine-containing com- 
positions which includes treating milk or milk mate- 
rial with an ultrafiltration (UF) membrane at a pH 
lower than 5.5 and isolating and recovering 
polyamines from the resulting permeate. 

2. A method of producing polyamine-containing com- 
positions as claimed in claim 1 wherein inorganic 
acids or organic acids, and/or microorganism, 
which utilize milk components for growth to produce 
organic acids, are added to lower the pH of the milk 
or milk material to 5.5. 

3. A method of producing polyamine-containing com- 
positions as claimed in claim 1 or 2, wherein 
polyamines are isolated by one or more steps of an 
ion exchange process, membrane fractionation 
process and electrodia lysis. 

4. A method of producing polyamine-containing com- 
positions as claimed in claim 2 or 3, wherein said 
inorganic acids of organic acids are selected from 
lactic acid, citric acid, sulfuric acid, hydrochloric ac- 
id, acetic acid and phosphoric acid. 

5. A method of producing polyamine-containing com- 
positions as claimed in any of claims 2 to 4, wherein 
said microorganisms are selected from lactic acid 
bacteria, propionic acid bacteria and bifidobacteria. 



Patentanspruche 

1. Verfahren zur Herstellung von Polyamin-enthalten- 
den Zusammensetzungen, welches die Behand- 
lung von Milch oder Milchmaterial mit einer Ultrafil- 
trations(UF)-Membran bei einem pH-Wert von we- 
niger als 5,5 und die Isolation und Gewinnung von 
Polyaminen aus dem resultierenden Permeat ein- 
schlielM. 

2. Verfahren zur Herstellung von Polyamin-enthalten- 
den Zusammensetzungen gemafi Anspruch 1 , wo- 
bei anorganische oder organische Sauren und/oder 
Mikroorganismen, welche Milchkomponenten zum 
Wachstum oder zur Produktion von organ ischen 
Sauren nutzen, zugegeben werden, urn den 
pH-Wert der Milch oder des Milchmaterials auf 5,5 
zu verringern. 

3. Verfahren zur Herstellung von Polyamin-enthalten- 
den Zusammensetzungen gemafi Anspruch 1 oder 
2, wobei die Polyamine durch einen oder mehrere 
Schritte, ausgewahlt aus einem lonenaustausch- 
verfahren, einem Membranfraktionierungsverfah- 
ren und einer Elektrodialyse isoliert werden. 



4. Verfahren zur Herstellung von Polyamin-enthalten- 
den Zusammensetzungen gemafi Anspruch 2 oder 
3, wobei die anorganischen oderorganischen Sau- 
ren ausgewahlt sind aus Milchsaure, Citronensau- 

5 re, Schwefelsaure, Salzsaure, Essigsaure und 
Phosphorsaure. 

5. Verfahren zur Herstellung von Polyamin-enthalten- 
den Zusammensetzungen gemafi einem der An- 

w spruche 2 bis 4, wobei die Mikroorganismen aus- 
gewahlt sind aus Milchsaurebakterien, Propionsau- 
rebakterien und Bifidobakterien. 



15 Revendications 

1. Procede de production de compositions contenant 
des polyamines, qui inclut le traitement de lait ou 
de matiere laitiere avec une membrane d'ultrafiltra- 

20 tion (UF) a un pH inferieur a 5,5 et I'isolement et la 
recuperation des polyamines a partir du permeat 
obtenu. 

2. Procede de production de compositions contenant 
25 des polyamines selon la revendication 1, dans le- 

quel des acides mineraux ou des acides organi- 
ques, et/ou des micro-organismes qui utilisent des 
constituants laitiers pour se developper et produire 
des acides organiques, sont ajoutes pour abaisser 
30 ie pH du lait ou de la matiere laitiere a 5,5. 

3. Procede de production de compositions contenant 
des polyamines selon la revendication 1 ou 2, dans 
lequel les polyamines sont isolees par une ou plu- 

35 sieurs etapes parmi un procede d'echange d'ions, 
un procede de fractionnement par membrane et 
I'electrodialyse. 

4. Proced6 de production de compositions contenant 
40 des polyamines selon la revendication 2 ou 3, dans 

lequel lesdits acides mineraux ou acides organi- 
ques sont choisis parmi I'acide lactique, I'acide ci- 
trique, I'acide sulfurique, I'acide chlorhydrique I'aci- 
de acetique et I'acide phosphorique. 

45 

5. Procede de production de compositions contenant 
des polyamines selon Tune quelconque des reven- 
dications 2 a 4, dans lequel lesdits micro-organis- 
mes sont choisis parmi les bacteries lactiques, les 

50 bacteries propioniques et les bifidobacteries. 



55 



